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manufacturing light emitting diode package

(57) A light emitting diode (LED) package, a lighting
apparatus including the same, and a method for manu-
facturing an LED package are disclosed. The LED pack-
age includes: a package substrate; an LED chip mounted
on the package substrate; and a wavelength conversion
layer formed to cover at least a portion of an upper surface
of the LED chip when a surface formed by the LED chip

when viewed from above is defined as the upper surface
of the LED chip, wherein the wavelength conversion layer
is formed so as not to exceed the area of the upper sur-
face of the LED chip and includes a flat surface parallel
to the upper surface of the LED chip and curved surfaces
connecting the corners of the upper surface of the LED
chip.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority of Korean
Patent Applications Nos. 10-2010-0034693 filed on April
15, 2010 and 10-2010-0127774 filed on December 14,
2010, in the Korean Intellectual Property Office, the dis-
closure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a light emitting
diode package, a lighting apparatus having the same,
and a method for manufacturing a light emitting diode
package.

Description of the Related Art

[0003] Recently, a light emitting diode (LED) has been
applied to various devices in various fields such as a
keypad, a backlight, a traffic light, a guiding light in the
runaway of an airport, a lighting bulb, and the like. As
LEDs have been applied to various devices in various
fields, the importance of a technique for packaging LEDs
has emerged.
[0004] In a related art LED package, first and second
lead frames are disposed within a package main body,
and an LED chip is mounted on the first lead frame. The
first and second lead frames are electrically connected
by wires. In this case, the package main body has a cup-
like shape, and a resin part is formed within the cup in
order to protect the LED chip, the wires, and the like. In
the resin part, phosphors (or a fluorescent material) for
converting the wavelength of light to allow white light to
be emitted from the LED chip may be dispersed in the
resin part.
[0005] However, in the related art, light emitted from
the LED chip is reflected and diffused a plurality of times
in the resin part so as to be made incident to the package
main body, the first and second lead frames, and the like,
losing energy by an amount equal to that of the absorption
rate of each surface. Namely, when the amount of inci-
dent light is 1 and the reflectivity of each surface is R, a
portion of the incident light is absorbed at the rate of (1-
R) and dissipated (i.e., becomes extinct).
[0006] In addition, the resin part is charged in the en-
tirety of the interior of the package main body having the
cup-like shape and light is emitted from the entire surface
of the resin part, increasing etendue of the LED package.
Thus, the related art LED package cannot be applied to
fields of application in which a light source having a low
etendue is required, for example, a light source for a cam-
era flash, a camera head lamp, a projector, or the like.
Here, the etendue is a value obtained by multiplying a
solid angle of radiated light to the area of a light source,

which is increased as the area of the light source is in-
creased.
[0007] In addition, in the related art, a color tempera-
ture deviation of light is generated on a light emission
surface of the LED chip, so when a radiation pattern of
emitted light is viewed through a lens, color blurs known
as bull’s eyes excessively appear.

SUMMARY OF THE INVENTION

[0008] An aspect of the present invention provides a
light emitting diode (LED) package which has an im-
proved luminous efficiency, emits light having a uniform
color temperature from a light emission surface of an
LED chip, and has a reduced color temperature variation
as compared to other products, a method for manufac-
turing the LED package, and a lighting apparatus having
the LED package.
[0009] According to an aspect of the present invention,
there is provided a light emitting diode (LED) package
including: a package substrate; an LED chip mounted on
the package substrate; and a wavelength conversion lay-
er formed to cover at least a portion of an upper surface
of the LED chip when a surface formed by the LED chip
when viewed from above is defined as the upper surface
of the LED chip, wherein the wavelength conversion layer
is formed so as not to exceed the area of the upper sur-
face of the LED chip and includes a flat surface parallel
to the upper surface of the LED chip and curved surfaces
connecting the corners of the upper surface of the LED
chip.
[0010] The LED package may further include a light
reflective layer formed on the package substrate to sur-
round the sides of the LED chip.
[0011] The light reflective layer may be made of a ma-
terial including TiO2.
[0012] The LED package may further include a light
distribution layer covering the wavelength conversion
layer and the light reflective layer.
[0013] The light distribution layer may be made of a
material including SiO2.
[0014] The LED package may further include a dam
formed on the package substrate to demarcate a cavity
for accommodating the LED chip, the light reflective lay-
er, and the light distribution layer therein.
[0015] The dam may be made of a material including
a resin.
[0016] The LED package may further include a trans-
parent cover layer covering the LED chip.
[0017] The package substrate may be made of a ma-
terial including a ceramic.
[0018] The wavelength conversion layer may be made
of a material including a transparent resin and phosphors.
[0019] The weight ratio of the phosphors to the trans-
parent material may be 2:1 or greater.
[0020] The LED chip may include: a structure support
layer made of a conductive material; and a light emission
structure formed on one surface of the structure support
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layer and including a p type semiconductor layer, an ac-
tive layer, and an n type semiconductor layer.
[0021] The light emission structure may be formed on
a portion of one surface of the structure support layer,
and the upper surface of the LED chip may include one
surface of the light emission structure and the other re-
maining area of one surface of the structure support layer
in which the light emission structure is not formed.
[0022] The LED chip may include: a growth substrate;
and a light emission structure formed on one surface of
the growth substrate and including an n type semicon-
ductor layer, an active layer, and a p type semiconductor
layer, wherein the active layer and the p type semicon-
ductor layer may be formed on a portion of one surface
of the n type semiconductor layer.
[0023] The upper surface of the LED chip may include
one surface of the p type semiconductor layer and the
other remaining area of one surface of the n type semi-
conductor layer in which the active layer and the p type
semiconductor layer are not formed.
[0024] The upper surface of the LED chip may be the
other surface of the growth substrate.
[0025] The LED package may further include an elec-
trode pad formed on the upper surface of the LED chip,
wherein the wavelength conversion layer may be formed
to cover the electrode pad.
[0026] The LED package may further include: a wire
electrically connecting the electrode pad to the package
substrate.
[0027] The wavelength conversion layer may extend
to a side surface of the LED chip.
[0028] A plurality of LED chips and a plurality of wave-
length conversion layers may be formed, and the plurality
of wavelength conversion layers may be formed on upper
surfaces of the plurality of LED chips, respectively.
[0029] A lighting apparatus including the foregoing
LED package may be provided.
[0030] A method for manufacturing an LED package,
including: mounting an LED chip on a package substrate;
and applying a mixture including a transparent resin,
phosphors, and a solvent to an upper surface of the LED
chip, wherein after the solvent is removed from the mix-
ture in the process of applying the mixture, the wave-
length conversion layer is formed so as not to exceed
the area of the upper surface of the LED chip and includes
a flat surface parallel to an upper surface of the LED chip
and curved surfaces connecting the flat surface and the
corners of the upper surface of the LED chip, when a
surface formed by the LED chip when viewed from above
is defined as the upper surface of the LED chip.
[0031] The solvent may be made of a volatile material.
[0032] The method may further include: heating the
mixture applied to the upper surface of the LED chip to
allow the solvent to be evaporated in the process of ap-
plying the mixture.
[0033] The applying of the mixture may be performed
by using a dispenser.
[0034] The applying of the mixture may include: con-

tinuously applying the mixture to maintain a state in which
the mixture is applied to be continued from the upper
surface of the LED chip to the dispenser.
[0035] The applying of the mixture may be performed
while moving the dispenser in a spiral or zigzag manner
over an upper side of the LED chip.
[0036] The method may further include: forming a light
reflective layer on the package substrate to surround the
sides of the LED chip, after the applying of the mixture.
[0037] The light reflective layer may be made of a ma-
terial including TiO2.
[0038] The method may further include: forming a light
distribution layer covering the wavelength conversion
layer and the light reflective layer, after the forming of the
light reflective layer.
[0039] The light distribution layer may be made of a
material including SiO2.
[0040] The method may further include: forming a dam
on the package substrate to demarcate a cavity accom-
modating the LED chip, the light reflective layer, and the
light distribution layer therein, before the forming of the
light reflective layer.
[0041] The dam may be formed on edges of the pack-
age substrate, and the method may further include: re-
moving the dam and the edges of the package substrate
on which the dam was formed, after the forming of the
light distribution layer.
[0042] The dam may be made of a material including
a resin.
[0043] The forming of the dam may be performed by
using a dispenser.
[0044] The method may further include: forming a
transparent cover layer covering the LED chip, after the
applying of the mixture.
[0045] The package substrate may be made of a ma-
terial including a ceramic.
[0046] The weight ratio of the phosphors to the trans-
parent resin may be 2:1 or greater.
[0047] The LED chip may include: a structure support
layer made of a conductive material; and a light emission
structure formed on one surface of the structure support
layer and including a p type semiconductor layer, an ac-
tive layer, and an n type semiconductor layer.
[0048] The light emission structure may be formed on
a portion of one surface of the structure support layer,
and the upper surface of the LED chip may include one
surface of the light emission structure and the other re-
maining area of one surface of the structure support layer
in which the light emission structure is not formed.
[0049] The LED chip may include: a growth substrate;
and a light emission structure formed on one surface of
the growth substrate and including an n type semicon-
ductor layer, an active layer, and a p type semiconductor
layer, wherein the active layer and the p type semicon-
ductor layer may be formed on a portion of one surface
of the n type semiconductor layer.
[0050] The upper surface of the LED chip may include
one surface of the p type semiconductor layer and the
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other remaining area of one surface of the n type semi-
conductor layer in which the active layer and the p type
semiconductor layer are not formed.
[0051] The upper surface of the LED chip may be the
other surface of the growth substrate.
[0052] An electrode pad may be formed on the upper
surface of the LED chip, and the applying of the mixture
may be performed to cover the electrode pad.
[0053] The method may further include: electrically
connecting the electrode pad to the package substrate
by using a wire, between the mounting of the LED chip
and the applying of the mixture.
[0054] In the applying of the mixture, the mixture may
be applied to the upper surface and the side surface of
the LED chip.
[0055] A plurality of LED chips may be formed, and in
the applying of the mixture, the mixture may be applied
to the upper surfaces of the plurality of LED chips, re-
spectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The above and other aspects, features and oth-
er advantages of the present invention will be more clear-
ly understood from the following detailed description tak-
en in conjunction with the accompanying drawings, in
which:
[0057] FIG. 1 is a sectional view of a light emitting diode
(LED) package according to an exemplary embodiment
of the present invention;
[0058] FIG. 2 is a schematic view of a wavelength con-
version layer of the LED package according to an exem-
plary embodiment of the present invention;
[0059] FIG. 3 is a graph of color temperature charac-
teristics of the LED package according to an exemplary
embodiment of the present invention;
[0060] FIGS. 4 to 6 are sectional views showing LED
chips of the LED package according to an exemplary
embodiment of the present invention;
[0061] FIGS. 7 to 9 are sectional views of light emitting
diode (LED) packages according to another exemplary
embodiment of the present invention;
[0062] FIG. 10 is a sectional view of a light emitting
diode (LED) package according to another exemplary
embodiment of the present invention;
[0063] FIG. 11 is a plan view of the LED package illus-
trated in FIG. 10;
[0064] FIG. 12 is a graph showing light distribution pat-
terns of the LED package illustrated in FIG. 10;
[0065] FIG. 13 is a graph of color scattering of the LED
package illustrated in FIG. 10 and that of a product;
[0066] FIGS. 14 to 16 are sectional views showing ex-
amples of the LED package according to an exemplary
embodiment of the present invention;
[0067] FIG. 17 is a schematic view showing the LED
package according to an exemplary embodiment of the
present invention;
[0068] FIG. 18 is a flow chart illustrating a process of

a method for manufacturing an LED package according
to an exemplary embodiment of the present invention;
[0069] FIGS. 19 to 21 are views showing a process of
forming a wavelength conversion layer in the method for
manufacturing an LED package according to an exem-
plary embodiment of the present invention;
[0070] FIGS. 22 to 28 are sectional views showing re-
spective processes of the method for manufacturing an
LED package according to an exemplary embodiment of
the present invention; and
[0071] FIGS. 29 to 35 are plan views showing the re-
spective processes of the method for manufacturing an
LED package according to another exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0072] Exemplary embodiments of the present inven-
tion will now be described in detail with reference to the
accompanying drawings. The invention may, however,
be embodied in many different forms and should not be
construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in
the art. In the drawings, the shapes and dimensions may
be exaggerated for clarity, and the same reference nu-
merals will be used throughout to designate the same or
like components.
[0073] FIG. 1 is a sectional view of a light emitting diode
(LED) package according to an exemplary embodiment
of the present invention.
[0074] According to an exemplary embodiment of the
present invention, as shown in FIG. 1, an LED package
100 including a package substrate 110, an LED chip 120
mounted on the package substrate 110 by means of an
adhesive layer 114 and electrically connected to the
package substrate 110 by a wire 130, a wavelength con-
version layer 140 formed only on an upper surface of the
element of the LED chip 120, a light reflective layer 150
charged to surround the LED chip 120, and a light distri-
bution layer 160 covering the LED chip 120 and the light
reflective layer 150. Here, the upper surface of the ele-
ment of the LED chip 120 refers to a plane formed by the
LED chip 120 when the LED chip 120 is viewed from
above. In the aspect that the upper surface of the element
of the LED chip 120 is formed when viewed from above,
it may be formed to include areas each having a different
height or being made of a different material. For example,
with reference to FIG. 5, one upper surface of the LED
chip 120 may be formed by a p type semiconductor layer
124 and an n type semiconductor layer 126 among a light
emission structure 123. Terms such as ’upper surface’,
’lower surface’, and ’side surface’ used in the present
disclosure are based on the drawings attached hereto,
which may differ to directions in which elements are dis-
posed in actuality.
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[0075] According to the present exemplary embodi-
ment, unlike the related art LED package in which a resin
part, including phosphors, is molded around the sur-
roundings of an LED, as well as on the upper surface
thereof, the wavelength conversion layer 140 is formed
only on the upper surface of the LED chip 120, whereby
a phenomenon in which a portion of generated light is
absorbed by an ambient structure due to reflection and
diffusion in the resin part can be minimized, improving
the luminous efficiency of the LED package 100 and also
reducing the overall light emission area thereof, thus in-
creasing the possibility of the utilization thereof for vari-
ous lighting apparatus in which a low etendue is required.
[0076] Also, the wavelength conversion layer 140 is
formed on an upper surface of the LED chip 120 such
that it has a flat surface 146 parallel to the upper surface,
except for portions near the corners of the upper surface
of the LED chip 120, whereby light generated from the
LED chip 120 can have a uniform color temperature at
the upper side of the LED chip 120, remarkably reducing
color blurs (e.g., color stains or color specks) within the
generated light.
[0077] Also, the wavelength conversion layer 140 can
be formed to have an appropriate thickness in consider-
ation of the characteristics of each of the LED chips 120
after the LED chips 120 are separated into individual LED
chips 120, and thus the variation of color temperatures
potentially generated among the respective LED pack-
age 100 products can be also effectively reduced.
[0078] The configuration of the LED package 100 ac-
cording to the present exemplary embodiment of the
present invention will now be described in detail with ref-
erence to FIGS. 1 to 6.
[0079] As shown in FIG. 1, a circuit pattern 1112 is
formed on the package substrate 110, and the LED chip
120 is mounted on the circuit pattern 112, and an elec-
trode pad 121 of the LED chip 120 may be electrically
connected to the circuit pattern 112 through wire bonding.
[0080] Here, in order to improve the thermal dissipation
properties and luminous efficiency thereof, the package
substrate 110 may be made of a ceramic material, e.g.,
a material such as Al2O3, AlN, or the like, having a high
heat resistance, excellent heat conductivity, a high re-
flection efficiency, and the like. However, the material of
the package substrate 110 is not limited thereto, and var-
ious materials may be used to form the package substrate
110 in consideration of thermal dissipation properties,
electrical connections, and the like, of the LED package
100.
[0081] Also, besides the foregoing ceramic substrate,
a printed circuit board, a lead frame, and the like, may
be also used as the package substrate 110 of the present
exemplary embodiment.
[0082] As shown in FIG. 1, the LED chip 120 is mount-
ed on the package substrate 110. Namely, the LED chip
120 is attached to the package substrate 110 by means
of an adhesive layer 114, and the electrode pad 121
formed on the LED chip 120 may be electrically connect-

ed to the circuit pattern 112 of the package substrate 110
by the wire 130.
[0083] Here, the LED chip 120 may have various struc-
tures such as a vertical or horizontal structure, and the
LED chip 120 may be electrically connected to the pack-
age substrate 110 in various manners such as wire bond-
ing, flip-chip bonding, or the like. A specific structure of
the LED chip 120 will be described in more detail later
with reference to FIGS. 4 to 6.
[0084] The adhesive layer 114 may be made of a con-
ductive material or a non-conductive material according
to the structure of the foregoing LED chip 120, and the
material of the adhesive layer 114 will be also described
with reference to FIGS. 4 to 6.
[0085] FIG. 2 is a schematic view of the wavelength
conversion layer 140 of the LED package 100 according
to an exemplary embodiment of the present invention.
[0086] The wavelength conversion layer 140 may con-
vert the wavelength of a portion of light generated from
the LED chip 120, and as the wavelength-converted light
is mixed with the other remaining light which has not been
wavelength-converted, white light can be emitted from
the LED package 100.
[0087] For example, when the LED chip 120 emits blue
light, a wavelength conversion layer 140 containing yel-
low phosphors 144 may be used to generate white light,
and when the LED chip 120 emits ultraviolet light, a wave-
length conversion layer 140 in which red, green, blue
phosphors 144 are mixed may be used to form white
light. Besides, various types of LED chips 120 and vari-
ous types of phosphors 144 may be variably combined
to generate white light.
[0088] As shown in FIGS. 1 and 2, the wavelength con-
version layer 140 is formed only on the upper surface of
the LED chip 120, and the surface of the wavelength
conversion layer 140 may include the flat surface 146
parallel to the upper surface and a curved surface 148
connecting the flat surface 146 and the corners of the
upper surface.
[0089] Namely, as shown in FIGS. 1 and 2, the wave-
length conversion layer 140 is formed so as not to exceed
the area of the upper surface of the LED chip 120, and
the wavelength conversion layer 140 is formed to have
the flat surface 146 parallel to the upper surface of the
LED chip 120 and is formed to have the curved surface
148 connecting the flat surface 146 and the corners of
the upper surface of the LED chip 120 at the area adjacent
to the corners of the upper surface of the LED chip 120.
[0090] Here, as discussed above, the upper surface
of the LED chip 120 refers to a light emission surface
provided as a path allowing light from the LED chip 120
to emit therethrough. According to the structure of the
LED chip 120, the upper surface may be a single surface
having the same height or may include a plurality of sur-
faces viewed as one surface from above although the
plurality of surfaces may be stepped with relation to one
another. The structure of the LED chip 120 will be de-
scribed later with reference to FIGS. 4 to 6.
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[0091] The flat surface 146 of the wavelength conver-
sion layer 140 may refer to a case in which there is an
unavoidable variation in height in terms of the process,
rather than a case in which it is physically parallel to the
upper surface of the LED chip 120. For example, the
height of the flat surface 146 of the wavelength conver-
sion layer 140 may vary within the range of about -10%
to +10%, based on an average value thereof.
[0092] In addition, the width of a central region of the
wavelength conversion layer 140 in which the flat surface
146 is formed may be a distance between two points
corresponding to about 70% of the respective lengths
from the center of the upper surface of the LED chip 120
to both corners of the upper surface thereof, based on
the sectional view of FIG. 1, and the width of the flat
surface 146 of the wavelength conversion layer 140 may
vary depending on process conditions such as physical
characteristics of a material, viscosity of a mixture, or a
heating temperature of the mixture, for forming the wave-
length conversion layer 140.
[0093] As shown in FIG. 2, the wavelength conversion
layer 140 may be made of a material including a trans-
parent resin 142 and phosphors 144, and the thickness
of the wavelength conversion layer 140 formed on the
central area of the upper surface of the LED chip 120
may be set to be within a range, for example, of 30 mi-
crometers to 150 micrometers.
[0094] Light converted by the wavelength conversion
layer 140 and light emitted from the LED chip 120 are
mixed to allow for the emission of white light from the
LED package 100. For example, when blue light is emit-
ted from the LED chip 120, yellow phosphors may be
used, and when ultraviolet light is emitted from the LED
chip 120, red, green, and blue phosphors may be mixed
to be used. Besides, the colors of the phosphors and the
LED chip 120 may variably combined to emit white light.
Also, only wavelength conversion materials such as
green, red, and the like, may be applied to implement a
light source for emitting corresponding colors, not nec-
essarily white light.
[0095] In detail, when blue light is emitted from the LED
chip 120, the red phosphor used therewith may include
an MAlSiNx:Re (1≤x≤5) nitride phosphor, an MD:Re sul-
phide phosphor, and the like. Here, M is at least one
selected from among Ba, Sr, Ca, and Mg, and D is at
least one selected from among S, Se, and Te, while Re
is at least one selected from among Eu, Y, La, Ce, Nd,
Pm, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, F, Cl, Br, and
I. Also, the green phosphor used therewith may include
an M2SiO4:Re silicate phosphor, an MA2D4:Re sulphide
phosphor, a β-SiAlON:Re phosphor, and an MA’2O4:Re’
oxide-based phosphor of, and the like. Here, M may be
at least one selected from among Ba, Sr, Ca, and Mg, A
may be at least one selected from among Ga, Al, and In,
D may be at least one selected from among S, Se, and
Te, A’ may be at least one selected from among Sc, Y,
Gd, La, Lu, Al, and In, Re may be at least one selected
from among Eu, Y, La, Ce, Nd, Pm, Sm, Gd, Tb, Dy, Ho,

Er, Tm, Yb, Lu, F, Cl, Br, and I, and Re’ may be at least
one selected from among Ce, Nd, Pm, Sm, Tb, Dy, Ho,
Er, Tm, Yb, F, Cl, Br, and I.
[0096] The wavelength conversion layer 140 may in-
clude quantum dots in the place of the phosphors or pro-
vided with the phosphors. A quantum dot is a nano-crystal
particle including a core and a shell, and the core size
thereof ranges from 2 nm to 100 nm. The quantum dot
may be used as phosphor emitting various colors such
as blue (B), yellow (Y), green (G), and red (R), and at
least two types of a semiconductor among a group II-VI
compound semiconductor (ZnS, ZnSe, ZnTe, CdS,
CdSe, CdTe, HgS, HgSe, HgTe, MgTe, etc.), a group III-
V compound semiconductor (GaN, GaP, GaAs, GaSb,
InN, InP, InAs, InSb, AlAs, AlP, AlSb, AlS, etc.), or a
group IV semiconductor (Ge, Si, Pb, etc.) may be hetero-
junctioned to form a core and shell structure constituting
a quantum dot. In this case, in order to terminate molec-
ular binding on a surface of the shell of the quantum dot
at an outer edge of the shell, restrain the cohesion of the
quantum dot and improve the dispersion characteristics
of the resin such as the silicon resin, the epoxy resin, or
the like, or improve the phosphor function, an organic
ligand, using a material such as oleic acid, may be
formed. The quantum dot is vulnerable to moisture or air,
and in particular, when it is in contact with a plated pattern
of the substrate, or the lead frame of the package, a
chemical reaction may take place. Thus, the wavelength
conversion layer 140 may be applied only to the upper
surface of the LED chip 120, eliminating the possibility
of contact with the plated pattern or the lead frame, to
thus improve the reliability thereof. Thus, although the
phosphors are taken as an example of the wavelength
conversion material, the phosphors can be replaced with
quantum dots or quantum dots may be added to the phos-
phors.
[0097] The weight ratio of the phosphors 144 to the
transparent resin 142 may be 2:1 or greater. Thus, as
shown in FIG. 2, the transparent resin 142 serves to bond
the phosphor 144 particles, and the transparent resin 142
may be made of, for example, silicon, epoxy, or a material
obtained by mixing silicon and epoxy.
[0098] The rate of the phosphors 144 is remarkably
high, when compared with that of the related art in which
the rate of phosphors to a transparent resin is merely
1/10 or 1. Thus, with such a high rate, the mixture of the
phosphors 144 and the transparent resin 142 may have
increased viscosity, decreasing mobility on the upper sur-
face of the LED chip 120. Thus, the wavelength conver-
sion layer can be prevented from being formed to have
an overall curved surface due to an influence of a surface
tension otherwise caused by a low viscosity of the phos-
phors and transparent resin and can be formed to have
a uniform thickness on the upper surface of the LED chip
120. This will be described in more detail later in explain-
ing a method for manufacturing an LED package 200
with reference to FIGS. 18 to 35.
[0099] According to the present exemplary embodi-
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ment, because the wavelength conversion layer 140 is
only formed on the upper surface of the LED chip 120,
light absorption by a surrounding structure can be mini-
mized to improve the luminous efficiency of the LED
package 100, compared with LED packages of the relat-
ed art in which the surroundings of the LED, as well as
the upper surface of the LED, are entirely molded with
phosphors, and in addition, because a package main
body for molding the phosphors such as that of the related
art is not required, the LED package 100 can be consid-
erably reduced in size.
[0100] In addition, a substantial light emission area is
confined to the upper surface of the LED chip 120, in-
creasing the amount of light per area of a light source.
Thus, the LED package 100 can be more positively uti-
lized for various lighting apparatuses for which a low eten-
due is required.
[0101] Also, because the wavelength conversion layer
140 has the flat surface 146 parallel to the upper surface
of the LED chip 120, the LED package 100 can emit light
uniformly. Namely, the wavelength conversion layer 140
is formed to have a uniform thickness, excluding only the
corner portions of the upper surface of the LED chip 120,
to have a uniform optical path, whereby light generated
from the LED chip 120 can have a uniform color temper-
ature although its wavelength is changed while the light
passes through the wavelength conversion layer 140.
[0102] FIG. 3 is a graph of color temperature charac-
teristics of the LED package 100 according to an exem-
plary embodiment of the present invention. The foregoing
effect will be described in detail with reference to FIG. 3.
[0103] FIG. 3 is a graph showing comparative color
temperature characteristics (A) of the LED package 100
over radiation angles and color temperature character-
istics (B) of the related art LED package, in which resin
containing phosphors is molded on the entirety of the
interior of the package main body, over radiation angles.
[0104] As shown in FIG. 3, in the case of the related
art (B), variations of the color temperatures over the ra-
diation angles are generated up to a maximum of 322K,
causing severe color blurring. In comparison, in the case
of the LED package 100 (A), according to the present
exemplary embodiment, the variations of the color tem-
peratures over the radiation angles are merely a maxi-
mum of 126K, less than half of that of the related art,
resulting in a uniform light emission without color blurring.
[0105] Meanwhile, the wavelength conversion layer
140 may further include transparent fine particles along
with the phosphors 144 and the transparent resin 142.
The transparent fine particles may be made of a material
such as SiO2, TiO2, Al2O3, or the like. In this manner, the
color temperature of light emitted to the exterior can be
set to have a desired level by appropriately regulating
the rate of the transparent fine particles contained in the
wavelength conversion layer 140, and in this case, for
example, the weight ratio of the transparent fine particles
to the phosphors 144 may be 1:2 or less.
[0106] As shown in FIG. 1, the light reflective layer 150

is formed on the package substrate 110 to surround the
side of the LED chip 120. For example, the light reflective
layer may be formed by charging a material including a
reflecting material, such as TiO2, or the like, which re-
flects incident light, around the LED chip 120 through a
dispensing or molding operation.
[0107] In this case, as shown in FIG. 1, the light reflec-
tive layer 150 may be formed to have a height corre-
sponding to the height of the wavelength conversion layer
140 formed on the upper surface of the LED chip 120,
so the wavelength conversion layer 140 may not be cov-
ered by the light reflective layer 150.
[0108] Thus, because the light reflective layer 150 is
formed to surround the LED chip 120, light reflected, rath-
er than being emitted to the exterior, after being made
incident to the light distribution layer 160, can be reflected
toward the light distribution layer 160 again so as to be
discharged to the exterior, resulting in an improvement
to the luminance of the LED package 100.
[0109] The light reflective layer 150 may be formed
within a cavity 172 demarcated by a dam (170 in FIG 9)
formed on the package substrate 110. The dam (170 in
FIG. 9) may be removed in a process of dicing the LED
package 100 into a unit LED package after the light re-
flective layer 150 and the light distribution layer (to be
described) are formed.
[0110] The dam (170 in FIG. 9) may be made of a resin,
a buffering material. Accordingly, although the package
substrate 110 made of a ceramic material as described
above is expanded or contracted according to heating
and cooling operations in the manufacturing process, be-
cause the dam 170 can be deformed to correspond to
the degree of expansion and contraction, a phenomenon
in which the package substrate 110 is bent, or the like,
can be effectively prevented and AlN having excellent
thermal resistance may be used as a material of the pack-
age substrate 110.
[0111] The formation and removal of the dam 170 will
be described again in more detail later in explaining a
method for manufacturing an LED package 200 with ref-
erence to FIGS. 18 to 35.
[0112] As shown in FIG. 1, the light distribution layer
160 may be formed to cover the light reflective layer 150
and the wavelength conversion layer 140 not covered by
the light reflective layer 150. The light distribution layer
160 may be formed by applying a material including a
dispersing agent (or a dispersant), such as SiO2, or the
like, that disperses incident light, to the light reflective
layer 150 and the wavelength conversion layer 140
through a dispensing operation.
[0113] The light reflective layer 150 may also be
formed in the cavity 172 demarcated by the foregoing
dam 170, and may be removed in the process of dicing
the LED package 100 into a unit package.
[0114] Because the light distribution layer 160 is
formed to cover the light reflective layer 150 and the
wavelength conversion layer 140, light generated from
the LED chip can be distributed to be emitted to the ex-
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terior, improving a light uniformity of the LED package
100.
[0115] Various structures of the LED chip 120 which
can be applicable to the present exemplary embodiment
will now be described with reference to FIGS. 4 to 6.
[0116] FIGS. 4 to 6 are sectional views showing LED
chips of the LED package according to an exemplary
embodiment of the present invention.
[0117] First, with reference to FIG. 4, an LED chip 120
having a vertical structure is proposed.
[0118] The LED chip 120 may include a structure sup-
port layer 122 and a light emission structure 123 formed
on the structure support layer 122, and the light emission
structure 123 may include a p type semiconductor layer
124, an active layer 125, and an n type semiconductor
layer 126.
[0119] As shown in FIG. 4, the structure support layer
122 serves to structurally support the light emission struc-
ture 123 and because it is bonded to the circuit pattern
(112 in FIG. 1) of the package substrate 110 by the con-
ductive adhesive layer 114, it can also serve to implement
an electrical connection between the package substrate
110 and the LED chip 120.
[0120] Thus, the structure support layer 122 is made
of a conductive material selected from among Au, Ni, Al,
Cu, W, Si, Se, GaAs or a combination of two or more of
them, and the adhesive layer 114 is made of conductive
solder, paste, or the like.
[0121] As shown in FIG. 4, the p type semiconductor
layer 124, the active layer 125, and the n type semicon-
ductor layer 126 of the light emission structure 123 are
sequentially formed in this order on the structure support
layer 122, and are made of a compound semiconductor
such as GaAs, AlGaAs, GaN, InGaInP, or the like, to
generate light.
[0122] As shown in FIG. 4, an electrode pad 121 serv-
ing as an n type electrode is formed on the n type sem-
iconductor layer 126 and connected to the circuit pattern
112 of the package substrate 110 through the wire 130.
[0123] As shown in FIG. 4, the light emission structure
123 may be formed on an area excluding corner portions
of one surface of the structure support layer 122. The
light emission structure 123 having such a configuration
may be obtained through an etching process for sepa-
rating the LED chips 120 into individual unit LED chips.
[0124] In this case, the upper surface of the LED chip
120 may be defined by one surface of the light emission
structure 123, namely, the upper surface of the n type
semiconductor layer 126, and the area of the corner por-
tions of one surface of the structure support layer 122 on
which the light emission structure 123 is not formed.
[0125] Accordingly, as shown in FIG. 4, the wavelength
conversion layer 140 may be formed on the upper surface
of the n type semiconductor layer 126 and the corner
areas of one surface of the structure support layer 122,
both being the upper surface of the LED chip 120. As
mentioned above, the central area is configured as the
flat surface 146, and the corner areas are configured as

the curved surfaces 148. Even in this case, the wave-
length conversion layer 140 is formed so as not to exceed
the corner portions of one surface of the structure support
layer 122.
[0126] The wavelength conversion layer 140 is formed
in a state in which the LED chip 120 is mounted and the
electrode pad 121 and the circuit pattern 112 are wire-
bonded, so, as shown in FIG. 4, a portion of the wire 130,
namely, a bonding portion as a coupling portion with the
electrode pad 121, as well as the electrode pad 121, is
buried in the wavelength conversion layer 140.
[0127] Subsequently, as shown in FIG. 5, an LED chip
120 having a horizontal structure is proposed.
[0128] The LED chip 120 illustrated in FIG. 5 may in-
clude a growth substrate 127 and a light emission struc-
ture 123 formed on the growth substrate 127. The light
emission structure 123 may include an n type semicon-
ductor layer 126, an active layer 125, and a p type sem-
iconductor layer 124.
[0129] A sapphire substrate, or the like, may be used
as the growth substrate 127, and the light emission struc-
ture 123 including the n type semiconductor layer 126,
the active layer 125, and the p type semiconductor layer
124 may be grown to be formed on the growth substrate
127. Because the growth substrate 127 is an insulating
body, it can be physically bonded to the substrate 110
by the adhesive layer 114.
[0130] As shown in FIG. 5, the active layer 125 and
the p type semiconductor layer 124 may be formed on a
portion of one surface of the n type semiconductor layer
126. This structure can be formed by growing the active
layer 125 and the p type semiconductor layer 124 on the
n type semiconductor layer 126 and then mesa-etching
portions of the active layer 125 and the p type semicon-
ductor layer 124.
[0131] In FIG. 5, the step formed by mesa-etching the
active layer 125 and the p type semiconductor layer 124
is shown to be exaggerated, but in actuality, the step is
very small for the thickness of the growth substrate 127.
[0132] As shown in FIG. 5, the electrode pads 121
serving as an n type electrode and a p type electrode,
respectively, are formed on the n type semiconductor
layer 126 and the p type semiconductor layer 124. The
electrode pads 121 may be electrically connected to the
circuit pattern 112 of the package substrate 110 (in FIG.
1) by using wires 130, respectively.
[0133] As shown in FIG. 5, the upper surface of the
LED chip 120 may be defined by an upper surface of the
p type semiconductor layer 124 and the other remaining
area of one surface of the n type semiconductor layer
126 without the active layer 126 and the p type semicon-
ductor layer 124 as they have been mesa-etched out.
[0134] Accordingly, as shown in FIG. 5, the wavelength
conversion layer 140 may be formed on the upper surface
of the p semiconductor layer 124 and on the portion of
the n type semiconductor layer 126 exposed by mesa-
etching the active layer 125 and the p type semiconductor
layer 124, the upper surface of the p semiconductor layer
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124 and the portion of the n type semiconductor layer
126 being the upper surface of the LED chip 120. As
mentioned above, the central area of the wavelength con-
version layer 140 is formed as the flat surface 146 and
the corner areas thereof are formed as the curved sur-
faces 148. Also, even in this case, the wavelength con-
version layer 140 is formed so as not to exceed the cor-
ners of the n type semiconductor layer 126.
[0135] Like the LED chip 120 having the vertical struc-
ture, the wavelength conversion layer 140 is formed in a
state in which the LED chip 120 is mounted and the elec-
trode pad 121 and the circuit pattern 112 are wire-bond-
ed, so, as shown in FIG. 4, the electrode pads 121 and
portions of the wire 130 are buried in the wavelength
conversion layer 140.
[0136] With reference to FIG. 6, an LED chip 120
mounted on the substrate 110 according to a flip-chip
method is provided.
[0137] As shown in FIG. 6, the LED chip 120 may in-
clude a growth substrate 17 and a light emission structure
123 formed under the growth substrate 127. The light
emission structure may include the n type semiconductor
layer 126, the active layer 125, and the p type semicon-
ductor layer 124 from top to bottom in this order.
[0138] The LED chip 120 illustrated in FIG. 6 has a
similar basic structure to that of the LED chip 120 having
the horizontal structure illustrated in FIG. 5, and in this
case, the LED chip 120 is electrically connected to the
package substrate 110 (in FIG. 1) according to a flip chip
method, rather than the wire bonding.
[0139] Namely, as shown in FIG. 6, the electrode pads
121 formed on the n type semiconductor layer 126 and
the p type semiconductor layer 124, respectively, are
physically bonded to the circuit pattern 112 (in FIG. 1) of
the package substrate 110 (in FIG. 1) by the conductive
adhesive layer 114 such as a solder bump, or the like,
so as to be electrically connected.
[0140] In this case, as shown in FIG. 6, the upper sur-
face of the LED chip 120 may be defined as the upper
surface of the growth substrate 127.
[0141] Thus, as shown in FIG. 6, the wavelength con-
version layer 140 may be formed on the upper surface
of the growth substrate 127, the upper surface of the LED
chip 120, and as mentioned above, the central area of
the wavelength conversion layer 140 is formed as the flat
surface 146, and the corner areas thereof are formed as
the curved surfaces 148. In this case, the wavelength
conversion layer 140 is formed so as not to exceed the
corners of the growth substrate 127.
[0142] The LED package 100 according to another ex-
emplary embodiment of the present invention will now
be described with reference to FIGS. 7 to 9.
[0143] FIGS. 7 to 9 are sectional views of examples of
the LED 100 package according to an exemplary em-
bodiment of the present invention.
[0144] In describing the examples of the LED package
100 according to an exemplary embodiment of the
present invention, a description of the same or similar

configurations as those described above will be omitted
and a different configuration will be described.
[0145] With reference to FIG. 7, the LED package 100
according to an exemplary embodiment of the present
invention is configured such that the cavity 172 is formed
on the package substrate 110, and the LED chip 120,
the light reflective layer 150, and the light distribution lay-
er 160 are accommodated in the cavity 172.
[0146] Referring to the LED package 100 illustrated in
FIG. 1, the light reflective layer 150 and the light distri-
bution layer 160 are formed in the cavity 172 demarcated
by the dam 170 (in FIG. 9) and the dam 170 is removed
through a dicing process of separating the LED package
100 into a unit package.
[0147] Comparatively, as shown in FIG. 7, the cavity
172 may be formed on the package substrate 110 itself
to form the light reflective layer 150 and the light distri-
bution layer 160 therein, and the cavity 172 remains in a
final produce of the LED package 100.
[0148] With reference to FIG. 8, the LED package 100
according to an exemplary embodiment of the present
invention is configured such that the package substrate
110 includes a first substrate 116 and a second substrate
118, and the cavity 172 is formed on the second substrate
118 to accommodate the LED chip 120, the light reflective
layer 150, and the light distribution layer 160 therein.
[0149] Unlike the LED package 100 illustrated in FIG.
1, in the LED package 100 illustrated in FIG. 8, the second
substrate 118 having the cavity 172 is stacked on the
first substrate 116 to thus secure the space for mounting
the LED chip 120 and forming the light reflective layer
150 and the light distribution layer 160.
[0150] The first and second substrates 116 and 118
may be made of a ceramic material, such as Al2O3, AlN,
or the like, having characteristics such as a high thermal
resistance, excellent heat conductivity, high reflection ef-
ficiency, and the like.
[0151] With reference to FIG. 9, the LED package 100
according to an exemplary embodiment of the present
invention is configured such that the dam 170 demarcat-
ing the cavity 172 is formed on the package substrate
110, and the LED chip 120, the light reflective layer 150,
and the light distribution layer 160 are accommodated in
the cavity 172.
[0152] Like the LED package 100 illustrated in FIG. 1,
in the LED package 100 according to the present exem-
plary embodiment, the dam 170 made of a resin is formed
on the substrate to demarcate the cavity 172 to mount
the LED chip 120 and form the light reflective layer 150
and the light distribution layer 160, but the LED package
100 illustrated in FIG. 9 is different from the LED package
100 illustrated in FIG. 1 in that the dam 170 remains in
a final product.
[0153] As described above with reference to the LED
package 100 illustrated in FIG. 1, the dam 170 may be
made of a resin, a buffering material. Thus, although the
package substrate 110 made of a ceramic material is
expanded or contracted according to heating and cooling
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operations in the course of the manufacturing process of
the LED package 100 or in the course of operating the
LED package 100, because the dam 170 can be de-
formed to correspond to the degree of expansion and
contraction, a phenomenon in which the package sub-
strate 110 is bent, or the like, can be effectively prevent-
ed, and AlN, having merits in terms of thermal resistance,
may be used as a material of the package substrate 110.
[0154] Meanwhile, the LED packages 100 illustrated
in FIGS 7 to 9 employ the LED chip 120 having the vertical
structure illustrated in FIG. 4, but the present invention
is not limited thereto and the LED chips 120 illustrated in
FIGS. 5 and 6 and an LED chip having any other substrate
may be also applicable to the LED packages 100.
[0155] Other examples of the LED package 100 ac-
cording to an exemplary embodiment of the present in-
vention will now be described with reference to FIGS. 10
to 13.
[0156] FIG. 10 is a sectional view of a light emitting
diode (LED) package according to another exemplary
embodiment of the present invention, and FIG. 11 is a
plan view of the LED package illustrated in FIG. 10.
[0157] In describing the examples of the LED package
100 according to an exemplary embodiment of the
present invention, a description of the same or similar
configurations as those described above will be omitted
and a different configuration will be described.
[0158] As shown in FIG. 10, a plurality of LED chips
120 are disposed to be spaced apart from one another
and, accordingly, a plurality of wavelength conversion
layers 140 are formed on the upper surfaces of the re-
spective LED chips 120, unlike the LED chip 120 illus-
trated in FIG. 1.
[0159] In the present exemplary embodiment, as
shown in FIG. 10, the light reflective layer 150 may be
charged at the respective sides surrounding the LED
chips 120 and in the space between the LED chips 120.
[0160] According to the present exemplary embodi-
ment, the light reflective layer 150 is charged in the space
between the LED chips 120, and the light distribution
layer 160 is formed on the LED chip 120 and the light
reflective layer 150, whereby the luminous intensity in
the space between the LED chips 120 can be improved
to results in obtaining an overall uniform luminous inten-
sity distribution of thee LED package 100 in which the
plurality of LED chips 120 are mounted.
[0161] Namely, in case of the related art LED package
in which the resin part including phosphors is molded
within the package main body a dark portion exists in the
space between the LED chips, but in the present exem-
plary embodiment, as shown in FIG. 10, the wavelength
conversion layer 140 is uniformly formed on the upper
surface of the diode chip 120, and the light reflective layer
150 is formed in the space between the LED chips 120
and the light distribution layer 160 is formed on the wave-
length conversion layer 140 and the light reflective layer
150, whereby the luminous intensity in the space be-
tween the LED chips 120 can be improved to form a uni-

form luminous intensity distribution.
[0162] In more detail, the light distribution layer 160
uniformly distributes light emitted from the LED chip 120,
and the light reflective layer 150 reflects, which is reflect-
ed from the light distribution layer 160, toward the exterior
again, so the luminous intensity in the space between
the LED chips 120, which corresponds to a dark portion
in related art LED package, can be remarkably improved.
[0163] FIG. 12 is a graph showing a two-dimensional
luminous intensity distribution of the LED package 100
taken along line X-X in FIG. 11. In FIG. 12, the luminous
intensity distribution (C) of the LED package 100 accord-
ing to the present exemplary embodiment and a luminous
intensity distribution (D) of the related art LED package
in which the resin including phosphors are molded on the
entirety of the interior of the package main body are com-
paratively shown.
[0164] As shown in FIG. 12, the luminous intensity in
the space between the LED chips 120 of the LED pack-
age (C), which corresponds to a dark area, is increased
compared with the related art (D), and in detail, the dif-
ference (G) between the luminous intensities is about 45
a.u. or more. Thus, because the formation of the dark
portion in the areas between the plurality of LED chips
120 of the LED package 100 according to the present
exemplary embodiment is minimized, the overall lumi-
nous intensity of the LED package 100 can resultantly
have a uniform distribution.
[0165] Also, according to the present exemplary em-
bodiment, the wavelength conversion layer 140 can be
formed to have an appropriate thickness in consideration
of individual characteristics of the respective LED chip
120 separated into a unit chip, so the variation in the color
temperature which may be generated among the respec-
tive LED package 100 products can be effectively re-
duced.
[0166] Namely, in a wafer level phosphor film formation
method, namely, in the case of collectively forming a
phosphor film before separating the LED chips 120 into
unit chips, the phosphor film having the same thickness
is applied without reflecting or considering the luminous
characteristics of the respective chips, increasing the var-
iation in the color temperature compared with the present
invention. In the present exemplary embodiment, as de-
scribed above, the wavelength conversion layer 140 can
be formed to have a different thickness according to the
characteristics of each chip, thus effectively reducing the
variation in the color temperature among the respective
LED package 100 products.
[0167] FIG. 13 is a graph of color scattering of the LED
package 100 products illustrated in FIG. 10. The effect
of reducing the variation in color temperature among the
foregoing products will be described again.
[0168] Specifically, FIG. 13 is a graph of a CIE color
coordinate system showing a color temperature distribu-
tion (E) among the LED package 100 products and a
color temperature distribution (F) among the LED pack-
age products in which the resin part including phosphors
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is molded within the package main body according to the
related art, when power of the mounted LED chip 120
ranges from 390 mW to 410 mW, the central wavelength
has a distribution ranging from 445 nm to 450 nm, and
the LED chip 120 is driven with a current of 750 mA.
[0169] As shown in FIG. 13, in the case (E) of the LED
package 100 according to the present exemplary em-
bodiment, the color scattering among the products is ap-
proximately 176K, which is equivalent to approximately
less than 40 %. Thus, in the case of the LED package
100 according to the present exemplary embodiment, as
described above, in the forming of the wavelength con-
version layer, the thickness of the wavelength conversion
layer 140 is precisely adjusted individually for each of the
LED chips 120, so the color temperature variation among
the respective LED package 100 products can be signif-
icantly reduced.
[0170] Other examples of the LED package 100 ac-
cording to an exemplary embodiment of the present in-
vention will now be described with reference to FIGS. 14
to 17.
[0171] FIGS. 14 to 16 are sectional views showing dif-
ferent examples of the LED package according to an ex-
emplary embodiment of the present invention. FIG. 17 is
a schematic view showing a different example of the LED
package according to an exemplary embodiment of the
present invention.
[0172] In describing the examples of the LED package
100 according to an exemplary embodiment of the
present invention, a description of the same or similar
configurations as those described above will be omitted
and a different configuration will be described.
[0173] First, with reference to FIG. 14, an LED package
100 is configured such that the plurality of LED chips 120
are mounted on the package substrate 110 having the
cavity 172 and a transparent cover layer 180 covers the
cavity 172.
[0174] Unlike the LED package illustrated in FIG. 10,
in the present exemplary embodiment as shown in FIG.
14, the cavity 172 is formed on the package substrate
110 itself and the transparent cover layer 180, such as
a lens, a glass layer, and the like, may be stacked on the
package substrate 110 to cover the LED chips 120.
[0175] Also, in the present exemplary embodiment, as
shown in FIG. 14, the light distribution layer 160 (in FIG.
10) and the light reflective layer 150 (in FIG. 10) are omit-
ted, and the plurality of LED chips 120 having the hori-
zontal structure illustrated in FIG. 5 can be mounted on
the package substrate 110.
[0176] With reference to FIG. 15, an LED package 100
is configured such that the dam 170 is formed on the
package substrate 110, the plurality of LED chips 120
are mounted in the cavity 172 demarcated by the dam
170, and the light reflective layer 150 and the light distri-
bution layer 160 are formed.
[0177] Unlike the LED package 100 illustrated in FIG.
10, in the present exemplary embodiment, as shown in
FIG. 15, the dam 170 made of a resin remains on the

final product of the LED package 100.
[0178] In addition, in the present exemplary embodi-
ment, as shown in FIG. 15, the plurality of LED chips 120
illustrated in FIG. 6 may be mounted on the package
substrate 110 in the flip-chip manner.
[0179] With reference to FIG. 16, an LED package 100
is configured such that the plurality of LED chips 120 are
mounted on the package substrate 110.
[0180] Unlike the LED package 100 illustrated in FIG.
10, in the present exemplary embodiment, as shown in
FIG. 16, the light reflective layer 150 and the light distri-
bution layer 16 may not be formed, and the plurality of
LED chips 120 illustrated in FIG. 6 may be mounted on
the package substrate 110 in the flip-chip manner.
[0181] With reference to FIG. 17, an LED package 100
is configured such that a plurality of LED chips 120 are
mounted on the package substrate 110 having the cavity
172, and a plurality of wavelength conversion layers 140
are formed on the side surfaces of the LED chips 120 as
well as on the upper surfaces of the LED chips 120.
[0182] In the present exemplary embodiment, as
shown in FIG. 17, the wavelength conversion layers 140
can be extendedly formed even on the side surfaces of
the respective LED chips 120 as well as on the upper
surfaces of the LED chips 120. Accordingly, portions of
the surfaces of the wavelength conversion layers 140
positioned at the sides of the LED chips 120 may be
formed to be parallel to the sides of the LED chips 120
as shown in FIG. 17.
[0183] Namely, as shown in FIG. 17, the wavelength
conversion layer 140 may be formed to have a uniform
thickness so as to be parallel to the upper surface and
the side surface of the LED chip 120. In this case, FIG.
17 is a schematic view of the LED package 100 according
to the present exemplary embodiment in which the en-
tirety of the surfaces of the wavelength conversion layer
140 is shown to be slightly exaggerated to have a surface
parallel to the upper and side surfaces of the LED chip
120, but the portion of the wavelength conversion layer
140, which is actually formed by a process of manufac-
turing the LED package 100 (to be described), adjacent
to the corners of the upper surface of the LED chip 120
and the portions of the side surface of the LED chip 120
may be formed as curved surfaces (148 in FIG. 10) like
those in the foregoing exemplary embodiments.
[0184] According to the present exemplary embodi-
ment, because the wavelength conversion layer 140 is
formed on the side surface of the LED chip 120, the LED
package 100 may be implemented to have an advanta-
geous structure according to the structure of the applied
LED chip 120. Namely, in the case of the LED chip 120
having the horizontal structure illustrated in FIG. 5, light
can be partially emitted through the side of the LED chip
120, so the formation of the wavelength conversion layer
140 on the side of the LED chip 120 can be more advan-
tageous.
[0185] Meanwhile, in the case of the LED packages
100 respectively illustrated in FIGS. 14 to 17, the LED
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chips 120 having the illustrated structures are not limit-
edly applied but the LED chips 120 illustrated in FIGS. 4
to 6 and an LED chip having any other structure may also
be variably applicable to the LED package 100.
[0186] The configurations and functions of the LED
packages 100 according to exemplary embodiments of
the present invention have been described. Light sources
for various lighting apparatuses, e.g., a streetlight, a cam-
era flash, a guard lamp, a mood lamp, a vehicle head
lamp, a lighting bulb for medical purposes, a backlight
unit, a projector, and the like, can be implemented by
using the LED package 100.
[0187] In detail, as discussed above, the LED package
100 according to the exemplary embodiments of the
present invention can generate light having a uniform
color temperature without causing color blurs, and the
area of the entire light emission surface is reduced to
have a low etendue. Thus, the LED package 100 accord-
ing to the exemplary embodiments of the present inven-
tion can be actively utilized as a light source of a camera
flash, a vehicle head lamp, a backlight unit, a projector,
and the like.
[0188] A method for manufacturing an LED package
200 according to an exemplary embodiment of the
present invention will now be described with reference
to FIGS. 18 to 35.
[0189] In the present exemplary embodiment, an LED
package 200, a package substrate 210, a circuit pattern
212, an adhesive layer 214, an LED chip 220, an elec-
trode pad 221, a structure support layer 222, a light emis-
sion structure 223, a wire 230, a wavelength conversion
layer 240, a flat surface 246, a curved surface 248, a light
reflective layer 250, a light distribution layer 260, a dam
270, and a cavity 272 are the same as or similar to the
LED package 100, the package substrate 110, the circuit
pattern 112, the adhesive layer 114, the LED chip 120,
the electrode pad 121, the structure support layer 122,
the light emission structure 123, the wire 130, the wave-
length conversion layer 140, the flat surface 146, the
curved surface 148, the light reflective layer 150, the light
distribution layer 160, the dam 170, and the cavity 172,
so a detailed description of the structure will be omitted
and a process for manufacturing the LED package 200
will be described.
[0190] FIG. 18 is a flow chart illustrating a process of
a method for manufacturing the LED package 200 ac-
cording to an exemplary embodiment of the present in-
vention.
[0191] According to the present exemplary embodi-
ment, as shown in FIG. 18, a method for manufacturing
the LED package 200 includes a step S110 of mounting
the LED chip on the package substrate 210, a step S130
of electrically connecting the package substrate 210 and
the LED chip 220, a step S130 of forming the dam 270
on the package substrate 210 by using a dispenser 294,
a step S140 of applying a mixture 249 to the upper surface
of the LED chip 220 by using a dispenser 292 to form the
wavelength conversion layer 240, a step S150 of forming

the light reflective layer 250 on the package substrate
210, a step S160 of forming the light distribution layer
260, and a step S170 of removing the dam 270.
[0192] According to the present exemplary embodi-
ment, because the wavelength conversion layer 240 is
formed to have a uniform thickness on the upper surface
of the LED chip 220, luminous efficiency of the LED pack-
age 200 can be improved, etendue can be reduced, and
color blurs of light can be considerably reduced.
[0193] In addition, because the wavelength conversion
layer 240 can be formed to have an appropriate thickness
in consideration of the characteristics of the respective
LED chips after the LED chips 220 are separated into
unit LED chips, the variation in color temperature poten-
tially generated among the respective LED packages 200
can be also effectively reduced.
[0194] First, the mixture 249 obtained by mixing the
transparent resin (142 in FIG. 2), the phosphor (144 in
FIG. 2), and a solvent to form the wavelength conversion
layer 240 on the upper surface of the LED chip 220 will
now be described.
[0195] In order to form a phosphor layer on the upper
surface of the LED chip, a method of applying the mixture
of the transparent resin and the phosphor to the LED chip
and curing the resin may be used. However, with this
method, it is difficult to form the phosphor layer having a
uniform thickness because the applied mixture has a con-
vex curved surface overall due to a surface tension of
the transparent resin having high mobility before being
cured.
[0196] Thus, in the present exemplary embodiment,
the amount of phosphors (144 in FIG. 2) are relatively
increased over the transparent resin (142 in FIG. 2) to
increase the viscosity of the mixture 249 to reduce the
mobility of the mixture 249 applied to the upper surface
of the LED chip 220, and accordingly, the wavelength
conversion layer 240 having the flat surface 246 can be
formed. In this case, the weight ratio of the phosphors
(144 in FIG. 2) to the transparent resin (142 in FIG. 2) is
2:1 or greater.
[0197] In this case, however, the increase in the
amount of the phosphors (144 in FIG. 2) to increase the
viscosity may cause a difficulty in performing a dispens-
ing process, so a solvent may be added to the mixture
249 containing the transparent resin (142 in FIG. 2) and
the phosphors (144 in FIG. 2) to temporarily lower the
viscosity of the mixture 249 to increase the mobility when
the mixture 249 is applied by using the dispenser 292.
[0198] In this manner, because the solvent is added
to the mixture 249 containing the transparent resin (142
in FIG. 2) and the phosphors (144 in FIG. 2) to temporarily
provide mobility to the mixture 249, the wavelength con-
version layer 240 having a uniform thickness can be ef-
fectively formed on the upper surface of the LED chip 220.
[0199] The solvent is a material for providing a tempo-
rary mobility to the mixture 249. For example, the solvent
may be a volatile material which is evaporated after the
mixture 249 is applied to the upper surface of the LED
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chip 220, and a material of an organic solvent group such
as polymer, monomer, alcohol, acetone, or the like, hav-
ing a relatively low molecular weight can be used as the
solvent.
[0200] Also, the solvent is a material for providing a
certain level of mobility to the mixture 249 having a re-
duced mobility due to the increased amount of phosphors
(144 in FIG. 2), so a large amount of solvent is not re-
quired and, for example, the solvent may be mixed at a
level of one-tenth of the phosphors (144 in FIG. 2) based
on the weight ratio thereof.
[0201] In addition, the mixture 249 may further contain
transparent fine particles made of a material such as
SiO2, TiO2, and Al2O3 in order to regulate the color tem-
perature, and the transparent fine particles may be com-
bined to have a weight ratio of 1/2 or less with respect to
the phosphors (144 in FIG. 2).
[0202] The process of forming the wavelength conver-
sion layer 240 in the method for manufacturing the LED
package 200 by using the mixture 249 including the trans-
parent resin (142 in FIG. 2), the phosphors (144 in FIG.
2), and the solvent according to an exemplary embodi-
ment of the present invention will now be described with
reference to FIGS. 19 to 21.
[0203] FIGS. 19 to 21 are views showing a process of
forming a wavelength conversion layer in the method for
manufacturing an LED package according to an exem-
plary embodiment of the present invention.
[0204] First, as shown in FIG. 19, the mixture 249 in-
cluding the transparent resin (142 in FIG. 2), the phos-
phors (144 in FIG. 2), and the solvent is applied to the
upper surface of the LED chip 220 by using the dispens-
ers 292 and 294.
[0205] The LED chip 220 is mounted on the package
substrate 210 and, after the LED chip 220 and the pack-
age substrate 210 are wire-bonded, the mixture 249 may
be dispensed, and accordingly, the electrode 221 of the
package 200 and a portion of the wire 230 may be buried
by the mixture 249.
[0206] Namely, the mixture 249 is disposed to cover
even the electrode pad 221 as well as the surface of the
LED chip 220 for emitting light, and in this process, even
a portion of the wire 230 may be covered by the wave-
length conversion layer. Meanwhile, in the present ex-
emplary embodiment, the dispensing may refer to con-
tinuously applying of the phosphor mixture, with pressure
applied thereto by a pump, through a needle (namely, in
most cases, the state in which the phosphor mixture is
applied from the dispenser to the upper surface of the
chip is maintained), which is different from a process such
as spray coating in which a material is particulated to be
sprayed in the air, or the like.
[0207] As stated above, the mixture 249, which initially
has a reduced mobility due to the increase in the amount
of the phosphors (144 in FIG. 2) but currently has an
improved mobility temporarily according to the addition
of the solvent in the dispensing process, can be smoothly
discharged from the dispenser 292.

[0208] In this case, as shown in FIG. 19, the mixture
249 can be uniformly applied by moving the dispenser
292 in a spiral manner, or as shown in FIG. 21, the mixture
249 can be uniformly applied by moving the dispenser
292 in a zigzag manner.
[0209] Thereafter, as shown in FIG. 20, the mixture
249 is heated by a heating device 296 to allow the solvent
of the mixture 249 to be evaporated.
[0210] As mentioned above, the solvent may be made
of a volatile material, so it may be evaporated to be re-
moved without the use of the heating device 296. Ac-
cordingly, only the transparent resin (142 in FIG. 2) and
the phosphors (144 in FIG. 2)) remain on the upper sur-
face of the LED chip 220 to form the wavelength conver-
sion layer 240 made up of them.
[0211] In this case, in order to prevent the wavelength
conversion layer 240 from being deformed due to the
mobility of the mixture 249 potentially caused by a delay
in the evaporation of the solvent, the mixture 249 includ-
ing the solvent may be heated by the heating device 296.
For example, the LED chip 220 may be heated within a
temperature range from 50 degrees Celsius to 170 de-
grees Celsius, whereby the mixture 249 can be heated
and the solvent in the mixture 249 can be more effectively
removed.
[0212] The respective processes of the method for
manufacturing the LED package according to the present
invention will now be described with reference to FIGS.
18 to 35.
[0213] FIGS. 22 to 28 are sectional views showing the
respective processes of the method for manufacturing
an LED package according to an exemplary embodiment
of the present invention. FIGS. 29 to 35 are plan views
showing the respective processes of the method for man-
ufacturing an LED package according to another exem-
plary embodiment of the present invention.
[0214] First, as shown in FIGS. 22 to 29, a plurality of
LED chips 220 are mounted on the package substrate
210 (step S110). Namely, the plurality of LED chips 220
are mounted on the package substrate 210 with the circuit
patterns 212 formed on one surface thereof, and in this
case, the LED chips 220 may be physically bonded and
electrically connected to the circuit patterns 212 of the
package substrate 210 by the adhesive layers 214.
[0215] In this case, the LED chips 220 may be electri-
cally connected in series to the circuit patterns 212
formed on the package substrate 210. However, the
present invention is not limited thereto and the LED chips
220 may be electrically connected in parallel to the circuit
patterns 212 or may be electrically connected both in
series and in parallel to the circuit patterns 212.
[0216] In the present exemplary embodiment, as
shown in FIGS. 22 and 29, a total of eight LED chips 220
are mounted on the package substrate 210 to form two
unit packages, which are then separated later through a
dicing process, but the present invention is not limited
thereto and the number of the mounted LED chips 220
and the number of diced unit packages may be variably
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modified as necessary.
[0217] As shown in FIGS. 23 and 30, electrode pads
221 are electrically connected to the package substrate
210 by using wires 230 (step S120). In the present ex-
emplary embodiment, the LED chip 220 having the ver-
tical structure illustrated in FIG. 4 is used as an example,
and because the electrode pad 221 is formed on the up-
per surface of the LED chip 220, the electrode pad 221
may be electrically connected to the circuit pattern 212
of the package substrate 210 by the wire 230.
[0218] When the LED chip 120 illustrated in FIG. 6 is
used in the present exemplary embodiment, because the
electrode pad 121 is not formed on the upper surface of
the LED chip 220, this process can be omitted.
[0219] Thereafter, as shown in FIGS. 24 and 31, the
dam 270 is formed on the package substrate 210 by using
the dispenser 294 to demarcate the cavity 272 accom-
modating the LED chips 220, the light reflective layers
250, and the light distribution layers 260 therein (step
S130). Namely, in this process, the dam 270 is formed
by applying a resin material along the edges of the pack-
age substrate 210 by using the dispenser 294. The for-
mation of the dam 270 constitutes the cavity 272 for ac-
commodating the LED chips 220, the light reflective lay-
ers 250, and the light distribution layers 260 therein.
[0220] In this case, the resin material used for forming
the dam 270 may be a buffering material. Thus, although
the package substrate 110, which is made of a ceramic
material, is expanded or contracted according to heating
and cooling operations in the manufacturing process, be-
cause the dam 170 can be deformed to correspond to
the degree of expansion and contraction, a phenomenon
in which the package substrate 210 is bent, or the like,
can be effectively prevented and AlN having excellent
thermal resistance may be used as a material of the pack-
age substrate 210.
[0221] When the cavity 172 is formed on the package
substrate 110 like the LED package 100 illustrated in
FIG. 7 or 8, or when the package substrate 110 includes
the first and second substrates 116 and 118, this process
may be omitted.
[0222] Thereafter, as shown in FIGS. 25 and 32, the
mixture 249 including the transparent resin (142 in FIG.
2), the phosphors (144 in FIG. 2), and the solvent is ap-
plied to the upper surface of the respective LED chips
220 by using the dispenser 292 to form the wavelength
conversion layer 240 (step S1540).
[0223] As described above with reference to FIGS. 19
to 21, the wavelength conversion layer 240 can be formed
by dispensing the mixture 249 including the transparent
resin (142 in FIG. 2), the phosphors (144 in FIG. 2), and
the solvent to each of the upper surfaces of the LED chips
220.
[0224] Namely, as discussed above, the amount of the
phosphors (144 in FIG. 2) may be increased to be more
than double based on, for example, the weight ratio, over
the transparent resin (142 in FIG. 2) to reduce the mobility
of the mixture of the transparent resin and the phosphors

to thus form the wavelength conversion layer 240 having
the flat surface 246 formed at the other portion than the
portions adjacent to the corners of the upper surface of
the LED chip 220. In this case, however, the increase in
the viscosity of the mixture 249 due to the phosphors
(144 in FIG. 2) may prevent a smooth application of the
mixture 249, so the solvent is added to the mixture 249
for a smooth dispensing operation to thus provide a tem-
porary mobility to the mixture 249 in the dispensing proc-
ess. Accordingly, the mixtures 249 can be effectively ap-
plied to the upper surface of the LED chip 220, while the
configuration, the thickness, or the like, of the wavelength
conversion layer 240 can be precisely adjusted.
[0225] As described above, the solvent may be made
of a volatile material to provide a temporary mobility, and
the amount of the solvent may be approximately one-
tenth the phosphors (144 in FIG. 2) based on the weight
ratio.
[0226] Meanwhile, in the case of the LED package 100
illustrated in FIG. 17, the mixture 249 is applied even to
the side surface of the LED chip 120, as well as to the
upper surface of the LED chip 120, to form the wave-
length conversion layer 140 extending from the upper
surface of the LED chip 120 to the side surface of the
LED chip 120.
[0227] Also, in this case, the solvent may be evaporat-
ed to be removed while the mixture 249 is being applied
to the upper surface and the side surface of the LED chip
120, and accordingly, the surface of the wavelength con-
version layer 140 can have the flat surface 246 parallel
to the upper surface and side surface of the LED chip 120.
[0228] Subsequently, as shown In FIGS. 26 to 33, the
light reflective layer 250 is formed on the package sub-
strate 210 to surround the sides of the LED chips 220
(step S150). For example, the light reflective layer 250
may be formed by charging the areas around the LED
chips 220 with a material including a reflection material
(or a reflector), such as TiO2, or the like, through a dis-
pending or molding operation.
[0229] In this case, because the dam 270 formed on
the package substrate 210 demarcates the cavity 272
for the formation of the light reflective layer 250, accord-
ing to the foregoing process, the light reflective layer 250
can be more easily formed.
[0230] Then, as shown in FIGS. 27 and 34, the light
distribution layer 260 covering the wavelength conver-
sion layer 240 and the light reflective layer 250 is formed
(step S160). For example, the light distribution layer 260
may be formed by applying a material including a dis-
persing agent, such as SiO2, or the like, to the light re-
flective layer 250 and the wavelength conversion layer
240 through a dispensing operation.
[0231] Like the light reflective layer 250, the light dis-
tribution layer 260 can be also easily formed by virtue of
the foregoing dam 270.
[0232] Meanwhile, in case of the LED package 100
illustrated in FIG. 14, the light reflective layer 150 and
the light distribution layer 160 are omitted and the trans-
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parent cover layer 180 is formed on the LED chip 120.
Thus, in the case of the LED package 100 illustrated in
FIG. 14, the process of forming the light reflective layer
150 and the process of forming the light distribution layer
160 are omitted, while the process of forming the trans-
parent cover layer 180 on the LED chip must be addi-
tionally performed.
[0233] Thereafter, as shown in FIGS. 28 and 35, the
dam 270 and the edges of the package substrate 210
where the dam 270 are formed are removed (step S170).
Namely, after the light distribution layer 260 is formed,
the package substrate 210 is diced into unit LED pack-
ages 200, and the dam 270 used for the formation of the
light reflective layer 250 and the light distribution layer
260 and the edges of the package substrate 210 where
the dam 270 is formed may be removed.
[0234] As described above, in the present exemplary
embodiment, the process of manufacturing the LED
package 200 in which the plurality of LED chips 220 are
mounted on the package substrate 210 and separated
through a dicing process is taken as an example. How-
ever, as shown in FIG. 15, in case in which the LED pack-
age with the dam 170 remaining in the final product is
manufactured, the process of removing the dam 270 may
be omitted.
[0235] As set forth above, according to exemplary em-
bodiments of the invention, because the overall area of
a light emission surface of the LED package is reduced,
a luminous efficiency of the LED package can be im-
proved. Also, because light having a uniform color tem-
perature is emitted from a light emission surface at an
upper side of the LED chip, light color blurs can be re-
duced. In addition, a color temperature variation poten-
tially generated among products can be also effectively
reduced.
[0236] While the present invention has been shown
and described in connection with the exemplary embod-
iments, it will be apparent to those skilled in the art that
modifications and variations can be made without depart-
ing from the spirit and scope of the invention as defined
by the appended claims.

Claims

1. A light emitting diode (LED) package comprising:

a package substrate;
an LED chip mounted on the package substrate;
and
a wavelength conversion layer formed to cover
at least a portion of an upper surface of the LED
chip when a surface formed by the LED chip
when viewed from above is defined as the upper
surface of the LED chip,
wherein the wavelength conversion layer is
formed so as
not to exceed the area of the upper surface of

the LED chip and includes a flat surface parallel
to the upper surface of the LED chip and curved
surfaces connecting the corners of the upper
surface of the LED chip.

2. The package of claim 1, further comprising:

a light reflective layer formed on the package
substrate to surround the sides of the LED chip.

3. The package of claim 2, wherein the light reflective
layer is made of a material including TiO2.

4. The package of claim 2, further comprising:

a light distribution layer covering the wavelength
conversion layer and the light reflective layer.

5. The package of claim 4, wherein the light distribution
layer is made of a material including SiO2.

6. The package of claim 4, further comprising:

a dam formed on the package substrate to de-
marcate a cavity for accommodating the LED
chip, the light reflective layer, and the light dis-
tribution layer therein.

7. The package of claim 6, wherein the dam is made
of a material including a resin.

8. The package of claim 1, further comprising:

a transparent cover layer covering the LED chip.

9. The package of claim 1, wherein the package sub-
strate is made of a material including a ceramic.

10. The package of claim 1, wherein the wavelength con-
version layer is made of a material including a trans-
parent resin and phosphors.

11. The package of claim 10, wherein the weight ratio
of the phosphors to the transparent material is 2:1
or greater.

12. The package of claim 2, wherein the LED chip com-
prises:

a structure support layer made of a conductive
material; and
a light emission structure formed on one surface
of the structure support layer and including a p
type semiconductor layer, an active layer, and
an n type semiconductor layer.

13. The package of claim 12, wherein the light emission
structure is formed on a portion of one surface of the

27 28 



EP 2 378 576 A2

16

5

10

15

20

25

30

35

40

45

50

55

structure support layer, and the upper surface of the
LED chip comprises one surface of the light emission
structure and the other remaining area of one surface
of the structure support layer in which the light emis-
sion structure is not formed.

14. The package of claim 1, wherein the LED chip com-
prises:

a growth substrate; and
a light emission structure formed on one surface
of the growth substrate and including an n type
semiconductor layer, an active layer, and a p
type semiconductor layer,
wherein the active layer and the p type semicon-
ductor layer are formed on a portion of one sur-
face of the n type semiconductor layer.

15. The package of claim 2, wherein the upper surface
of the LED chip comprises one surface of the p type
semiconductor layer and the other remaining area
of one surface of the n type semiconductor layer in
which the active layer and the p type semiconductor
layer are not formed.

16. The package of claim 14, wherein the upper surface
of the LED chip is the other surface of the growth
substrate.

17. The package of claim 1, further comprising:

an electrode pad formed on the upper surface
of the LED chip,
wherein the wavelength conversion layer is
formed to cover the electrode pad.

18. The package of claim 17, further comprising:

a wire electrically connecting the electrode pad
to the package substrate.

19. The package of claim 1, wherein the wavelength con-
version layer extends to a side surface of the LED
chip.

20. The package of claim 1, wherein a plurality of LED
chips and a plurality of wavelength conversion layers
are formed, and the plurality of wavelength conver-
sion layers are formed on upper surfaces of the plu-
rality of LED chips, respectively.
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